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SOLAR BATTERIES OF ThHk FUTURE :

M. Koltun, kngineer

The Draft Program of our party has placed before science
the task of developing methods of converting verious forms
of energy, including solar energy, into electrical energy.
Many laboratory collectives are now at work cn this prob-~
lem., This article is concerned with how to convert helio-
energetics into an independent and important technological
field. Outstanding scientists of tne worid, including
Frederic Joliot-Curie, feel that helicenergetics will be
Fut on en equal focting with the &2 7 atouic energy.
But in this connecticn scientists swait further research.
And that-is the subject of this article.

A soler battery is like a ma ic wand which gives life to cosudc sbips. Intel-
ligent instruments begin to tell man ebcut the secrets of space only after an |
electric current is flowing through their "veins,® 4And the solar battery is respon-

—
sible for this pnenowenon., The cdirect conversion of "free-of-charge" energy of
sunlight into electrical energy more convenient for instruments, the practically
eudless lifetiue cf service, the high resistauce to every t,pe of ashock-all of tais
makes sclar batteries irreplaceable for flighta into outer space end even for many
earthly endeavors.

20lar baltieries already ccecupy abn important place among the various sources of

electricity. w«hat prcspecis do they save for the future? Iz 1954 toe efficlency of

* v % -~ B .
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solaf batteries was 6%, while in 190 this figure rose t¢ 14%. This efficiency,
vhiﬁh indicates what portion of the sunlight falling on the battery is converted
iato el@ctrical current, may be increassed even further. However, it doces have &
;pecific theoretical 1limit. For silicon batteries this is 22%.

Does the design of the solar battery permit us to overcome this limit? Recent
scientific investigations not only answer this question in the affirmestive, but
also indicate original design possibilities in this directioq.‘ And that is the

subject of this article,

8 Silicon tiie Best?

How shoﬁld we select the material for a.a>lar battery? To understand this, we
must acquaint ourselves with yet another charactéristic, i.e., the megnitude of the
barier zone ¢f the semiconductor material. This long name is easy enough to under-
stand, It indicetes the amount of energy which must be imparted to an e}ectron in
a semiconductor crystal in order to bresk it ewasy from "its own " atom and be
transferred into‘a mobile aud excited, but very useful femily of ffée‘electrons.

Z{ we want to graphically represent this, we should drew & long empty ditch which

the electron must *jump ecrcss® in order to reach freedowm. It is this ditch which
is celled the barier zone, and its widih cetermines the amount of energy necessary
to make the electron work for us. This energy is meesured in unitg csll electron

volts.

Each electron leaving the atom leaves a positive charge in its place, or a
8c-called "hole.,® The formation of the free electronm 18 the first and wost important
mo@ent in the operetion of the soler battery. After this we elready have two kinds
of chul'ge, positive aid negutive, awd we neec only piace tnem si aASufficieni distence
fros ¢wch other for taew to resch tnelr poles witnout hincrance, It is clear thet
eno‘trunter the ouwboer of free electrons produced, the higher will be the efficiency

uf tue ‘ettery.



Penetrating to the depths of the crystal, portioms of the solar energy, i.e.,
quanta,>can force the electron to break awsy from the atom. But there are guenta
with the most varied energies in the solar spectrum. For which of them should the
semjiconductor be selected¥ Naturally it is more advantageous to use the energy of
quanta of the visible part of the aspectrum, since they constitute the largest com-
ponentin sclar rediation. Calculations 1ndiéate that these quanta can be ceptured
more completely than others by a semiconductor with a berier zone that has a *width"
of 1.5 electron volts.

when the first solar batteries were produced there was no material whiqh could
satisfy this condition better than silicon. But the "width"™ of the barier zone ¢f
‘silicon is oniy 1.2 electron volts., In recent years a number of artificially
produced semiconductors have eppéared with a barier zonesignificantly closer to the
above-indicated theoretical value. These semiconductors have bssn cailed istermetal-
lic., Some of these are, for example, cadhium sulfide, cadmium teliuride, indiws
phosphide, end others. From sclar tetterius nwde frouu tuese meterisls, we cen
anticipute &an efficiency liwmit of the order of twenty-five percent. But the increase
" in efficiency of three percent coes not satisfy these scientists and, of course,

they did not stop at tnat point.

hastering the Barier Zone

w8 haeve sireed, said thet it is most conveniert to use the energ, of the visible
part of tne sclar spectrum f{or the operation of scoler batteries, Wwhat effect does
ultravioclet awd inffared rediation heve? The former imperts tc electrens cof a sulid
stw.ch a ,reat amiount ¢f enery, toet they jun; rcross the berier :cne at e very high
veloeily, tuey collide witn stcus of the crystel lattice end transmit their energy
tc tlese atuid 1 the form of heut, In ceontrest tu tndse there {8 & uply nct cnough
enérg, oYU in:rnr;@ radiaticn for the elecircu t. mccomplish its trip. This in

i1tself firces us to cunciuce thnnt 1 crder Lo Lot c¢ffectively; utilice ultroviclet
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radiation it is necessary to expand the berier zone, while for indrared radiation

we must substantially decreass its wid th, These conditions would seem tu be mutuelly
exclusive but, as it turns out, they cen be reconciled.

Shouldn't we use e_semicﬁnductor with a sufficiently wide berier zone appropriate
for ultraviolet quanta, while for the remaining quanta shouldn't we make special
*supports* on which they can rest while crobsing the "ditch® of the barie; zcone?

For the visible radiation we will probably need ome "support" in the middle of the
®ditch", for the infrered we will need two at equal distances from the "shores".
with this "refined® barier zone,'all the quanta wi 11 be useful. The colored insert
shows how "all roads are open" to_thekextent that we "refine" the forbidden zcne
in front of the electron. The soler battery mede from this improved materisgl has
been named multitransitional. .The ro}e of the "support® will te carried out by
admixtures of various materials, only they must be introduced intc the starting
material véry carefully so that they will "get stuck" at carefully pfedetermined
lavelg in the fourbidden zone.

Calculations indicate that the surface of tnis Suttery more cumpletely utilizes
annlighnt thau ths surfoece of an ordinary battery. The efficiency limit here is

increased tc 65%! Ocly experimént can tell now.

"Multilevel™ Battery

There is yet auother idea, the revalizaticn c¢f which promises substantial improve-
ment in sclar butteries. If thersemiconductor using ultraviolet racistion is trans-
parent t¢ visible or infrared reys, tken having pleced under thei & bettery cpereting
in these still unused regicns of the spectra, we will “squeeza out® & small amcunt
cf eleciricsl enmerg frow the sun beem. If the lower bettery c... ..tz znly the
visible light ond is transparent to infrared radiation, then «e may place even
lower the tnird batter, "Uellg fed* b, indrored rodietion., Having systemsticelly

broken dewn the solur spectrum into perts, we usc tnei all without excepticn.
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of courss, the future of the multilayer battery depends on the successful
development éf new material, but even those semiconductors now kcown to us enable
‘us to begin the practical fulfillment of this idea, The following fact well-known
in optics may serve us confirmation., DPolished silicon, used in the preparatior of
golar batteries which operate in the visible region of the spectrum, lets pass more
than SOX of the infrared radiation. This radiation may be effectively used by
batteries made fram germanium.‘

The calculations made indicated that "the layer pie® of three batteries will
have a theorectical efficiency of 404, Of course there will be difficulties in

practice, but when prospects ere so alluring, we must press onl
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